###### Strengths and limitations of this study

-   Cross-sectional cohort studies demonstrate associations and cannot be used to wholly determine causality.

-   Demographic differences between the London and Singapore cohorts.

-   Linear regression analysis showed that the primary outcome of 'desensitisation' was independent of other demographic variables, including ethnicity.

-   Participants were recruited from outpatient settings and the findings should be interpreted with caution.

Introduction {#s1}
============

Smoking remains a global public health issue with a total prevalence of 21%. Thirty-six per cent of men and 7% of women currently smoke.[@R1] It is the leading cause of morbidity and mortality in almost every country in the world,[@R2] causing over six million deaths per year and accounting for 16% of all-cause mortality in men and 7% in women globally.[@R3] In addition, the use of e-cigarette products and advertisements is currently on the rise.[@R4] In recognition of the global epidemic of tobacco use, the WHO instigated the Framework Convention on Tobacco Control (FCTC) and the 168 adopting countries were obliged to introduce 'large, clear, visible and legible' health warnings on cigarette packages.[@R5]

Cigarette packets remain a powerful marketing tool for the tobacco industry, creating brand awareness and influencing views on safety and perception of taste.[@R6] Tobacco companies are predicted to spend more money on e-cigarette advertising in 2 days than the current total US annual budget on smoking and tobacco cessation education.[@R7] Graphic health warning labels (GHWL) are pictorial graphic images that appear on the front of cigarette packages. They depict advanced stages of specific diseases, with accompanying messages, and can be used to educate the public, serving as healthcare advice to impact on smoking prevention and cessation[@R8] both in smokers and non-smokers alike.[@R9]

GHWL have several advantages over text-only labels;[@R9] they increase viewing time, attention, as well as the recall of messages,[@R15] and they increase intention and motivation to quit smoking.[@R11] [@R13] They can also modify health beliefs about the dangers of smoking,[@R16] [@R17] and recent studies have shown that they are more effective in reducing cravings to smoke, particularly among adolescent smokers.[@R18] [@R19]

In 2004, Singapore had become the first country in Asia to introduce GHWL,[@R20] prior to the implementation of the FCTC. In 2008, the UK was the first European country to introduce GHWL on all tobacco packaging as a direct result of the European Commission labelling directive.[@R21]

This study aimed to investigate whether an increased duration of exposure to GHWL leads to a desensitisation of their impact, hypothesising a reduction in the cognitive processing domain. A number of studies until now have explicitly investigated a habituation to cigarette warning labels over time;[@R22] however, none have explored this relation in the context of different cultural cohorts. Understanding cultural differences in their responses to specific labels, and using these differences, may prove an effective way to prevent desensitisation.

Patients and methods {#s2}
====================

Data were acquired at Guy\'s and St Thomas\' National Health Service (NHS) Foundation Trust, London, UK and at Singapore General Hospital, Singapore, during a 1-year period starting January 2012. Participants were recruited from respiratory department outpatient clinics within both hospitals. Written informed consent was obtained from all participants. We included male and female smokers and non-smokers who could communicate fluently and were aged between 21 and 80 years. Patients who were unable to consent, view the GHWL or understand the survey were excluded from the study.

In both countries, participants answered the questions in English, but Chinese-only speaking participants had the questions translated. Ex-smokers who had quit within the past 2 years were excluded from the analysis to allow a better comparison between smokers and non-smokers. At the time of the study, participants in Singapore had been exposed to GHWL for 8 years, twice as long as the London cohort (4 years). Some of the data on the London cohort, comparing smokers with non-smokers and patients with chronic obstructive pulmonary disease (COPD), had been published in parts elsewhere.[@R26]

Structured survey {#s2a}
-----------------

A structured survey containing 50 items based on previous studies was used for this study.[@R26] The items were generated following an internal peer review among two tertiary hospitals (Guy\'s and St Thomas\' Hospital, London, UK; and Singapore General Hospital, Singapore), and the Academic Health Sciences Centre (King\'s Health Partners, London, UK) with its associated academic institution (King\'s College London, UK).

The survey recorded demographics, smoking history and the perceived impact of smoking on health on a continuous scale from 1 (no effect) to 10 (maximum effect). It also recorded knowledge of specific smoking-associated health risks: 'Do you believe the following diseases are related to smoking? (yes/no/not sure): "mouth and throat cancer", "lung cancer", "heart disease", "stroke" and "blindness"'. The deterring impact for each risk was assessed by asking participants which disease they would 'prevent', if they could only choose one; and which they would 'treat', if only one could be treated.

Participants were then shown 10 UK and Singapore GHWL with similar messages, consisting of: 'oral cancer', 'neck cancer', 'mouth disease', 'lung cancer', 'lung disease', 'heart attack', 'heart disease', 'stroke', 'miscarriage' and 'harms the baby'. After viewing the labels, the participants\' emotional response to the labels was recorded by asking them to state whether they felt 'fear', 'disgust' or whether they 'avoided looking at the labels' (yes/no).

Participants\' processing of the warning labels was also recorded regarding (1) package processing and (2) general processing (on a scale of 1 'not at all/never' to 5 'all the time/a lot').

Sample size analysis {#s2b}
--------------------

A sample size calculation revealed that at least 200 participants were required, with 50 participants needed in each group of the study (smokers and non-smokers, in both cities) to achieve a power of \>0.8, based on a 95% CI and an α of 0.05. The estimated label processing difference, measured from 1 'not at all/never' to 5 'all the time/a lot', was 1 out of 5 between the non-smoker groups (least expected difference compared with the smoker groups), with a maximum estimated population variance of 3--4, assumed to be the same in both cities.

Statistical analysis {#s2c}
--------------------

Data were collected using MS Excel 2007 (Microsoft Corporation, Seattle, Washington, USA) and analysed with SPSS statistics V.22 (IBM, New York, New York, USA). The Shapiro-Wilk test was used to assess data for normality. Normally distributed categorical data were assessed using the χ^2^ test, and unpaired t-tests for non-categorical data. Non-normally distributed data were assessed using Spearman\'s coefficient, Mann-Whitney and the Kruskal-Wallis test. Where multiple correlations were found to be associated with the main outcome measures of knowledge score (ie, the number of risks that each participant was aware of), emotional response and depth of processing of the health warnings, multiple linear regression analyses were applied to determine independent factorial associations. The independent variables included in the regression analysis were age, gender, sex, ethnicity, smoking and city status (London vs Singapore). A level of significance was defined as a p\<0.05.

Results {#s3}
=======

Demographics {#s3a}
------------

A total of 266 participants were included in the study, 163 from London and 103 from Singapore. Participants from Singapore were predominantly 'Chinese' (71%) or 'Asian/Asian other' (27%) which includes people of Indian and Malay ethnicities. London respondents were predominantly 'white' (79%), 'Asian/Asian British' (10%) and 'black/black British' (9%). The London group was younger, with more male participants and a lower percentage of smokers. The ethnic background was different between the two groups, but typical of the two cities ([table 1](#BMJOPEN2016012693TB1){ref-type="table"}). The participants were matched for age (p=0.147) when comparing the smoking groups. The non-smoking groups were matched with regard to percentage of ex-smokers: 19 (40%) in Singapore, versus 41 (37%) in London (p=0.915; refer to online [supplementary tables](#SM1){ref-type="supplementary-material"} E1 and E2 for more detailed information on smoker and non-smoker demographic).

###### 

Demographic data of participants

  -------------------------------------------------------------------------------------------
                       Total (n=266)   London (n=163)   Singapore (n=103)   χ^2^/one-way\
                                                                            ANOVA (p value)
  -------------------- --------------- ---------------- ------------------- -----------------
  Age, mean (SD)       54.4 (16.8)     52.4 (17.9)      57.7 (14.5)         0.012

   Male, n (%)         168 (63)        88 (54)          80 (78)             \<0.001

   Female, n (%)       98 (38)         75 (46)          23 (22)             

  Smokers, n (%)       112 (42)        57 (35)          55 (53)             0.003

   Chinese             73 (27)         0 (0)            73 (71)             \<0.001

   White               129 (48)        129 (79)         0 (0)               \<0.001

   Asian/Asian other   45 (17)         17 (10)          28 (27)             \<0.001

   Black/black other   14 (5)          14 (9)           0 (0)               0.002

   Mixed               5 (2)           3 (2)            2 (2)               0.953
  -------------------------------------------------------------------------------------------

ANOVA, analysis of variance.
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Perceived effect of smoking on health {#s3b}
-------------------------------------

Overall, non-smokers perceived smoking as more harmful than smokers (8.6±2.2 vs 7.7±2.4 points, p=0.001), while Londoners felt that smoking was more harmful than Singaporeans (8.8±1.7 vs 7.2±2.8 points, p\<0.001), which was reflected in the results of the smokers (8.4±1.8 vs 6.9±2.7 points, p\<0.001) and non-smoker groups (9.1±1.7 vs 7.6±2.9 points, p\<0.012).

Awareness of health risks associated with smoking {#s3c}
-------------------------------------------------

Participants had the lowest awareness of the association between smoking and 'blindness', and were most aware of 'lung cancer' as a risk, followed by 'mouth and throat cancer', 'heart disease' and 'stroke'. Smokers in Singapore were more aware of 'blindness' than smokers in London (p=0.031). Non-smokers in Singapore were less aware of 'mouth and throat cancer' and 'lung cancer' as a consequence of smoking than non-smokers in London ([table 2](#BMJOPEN2016012693TB2){ref-type="table"}).

###### 

Percentage of participants showing awareness of smoking consequences: London (L) and Singapore (S), by smoking status

                                   All        Non-smokers   Smokers                                                              
  -------------------------------- ---------- ------------- ------------- ---------- --------- ------------- --------- --------- -----------
  Heart disease, n (%)             138 (85)   76 (74)       **0.029**     86 (81)    33 (70)   0.134         51 (89)   43 (78)   0.104
  Stroke, n (%)                    116 (71)   66 (64)       0.226         73 (69)    29 (62)   0.386         42 (74)   37 (67)   0.457
  Blindness, n (%)                 39 (24)    35 (34)       0.075         26 (25)    12 (26)   0.895         13 (23)   23 (42)   **0.031**
  Mouth and throat cancer, n (%)   147 (90)   79 (77)       **0.003**     97 (92)    36 (77)   **0.012**     49 (86)   43 (78)   0.282
  Lung cancer, n (%)               156 (96)   84 (82)       **\<0.001**   102 (96)   36 (77)   **\<0.001**   53 (93)   48 (87)   0.310

Bold typeface denotes statistical significance.

Ethnicity was correlated with the total knowledge score of the smoking-related diseases (see online [supplementary table](#SM1){ref-type="supplementary-material"} E3), with Chinese participants being better informed overall than Caucasian participants (see online [supplementary table](#SM1){ref-type="supplementary-material"} E4); however, regression analyses showed that the significant differences in overall knowledge score between both cities were independent of the different ethnicity levels, age, gender, occupation and the levels of smokers and non-smokers in those cities ([table 3](#BMJOPEN2016012693TB3){ref-type="table"}).

###### 

Linear regression analysis of independent variables (country, age, gender, ethnicity, occupation and smoking status) on the main outcome measures: awareness of smoking risks, emotional response to and processing of graphic health warning labels

  Standardised coefficients                                                                                                
  --------------------------- ---------------- -------- ------- --------------- -------- ------- ---------------- -------- -------
  Constant β (SE)             −1.538 (0.935)   −1.645   0.101   0.986 (0.211)   4.662    0.000   18.933 (2.304)   8.216    0.000
  Country                     0.464            7.558    0.000   −0.250          −3.703   0.000   −0.289           −4.448   0.000
  Age                         −0.003           −0.054   0.957   −0.013          −0.192   0.848   −0.112           −1.827   0.069
  Gender                      0.044            0.752    0.453   0.022           0.349    0.728   0.025            0.466    0.642
  Ethnicity                   0.093            1.504    0.134   0.010           0.149    0.881   −0.023           −0.372   0.710
  Occupation                  0.063            1.074    0.284   −0.038          −0.586   0.558   −0.036           −0.631   0.529
  Smoking status              0.095            1.680    0.094   0.032           0.514    0.607   0.36             −1.513   0.132

Deterrent impact of smoking-associated risks {#s3d}
--------------------------------------------

When participants were asked to choose one of the listed diseases that they could prevent or treat, 'lung cancer' was the most common choice, followed by 'heart disease', 'blindness', 'stroke' and 'mouth and throat cancer'. Among smokers, 'blindness' ranked second behind 'lung cancer'. Londoners, overall, chose 'mouth and throat cancer' more so than Singaporeans, and non-smokers in London were more likely to select 'blindness'. In Singapore, smokers were more likely to select 'stroke' and non-smokers to choose 'lung cancer' ([table 4](#BMJOPEN2016012693TB4){ref-type="table"}). Overall, 45% of respondents felt that GHWL were a sufficient motivation to quit, or prevent from starting smoking, with more Londoners and more non-smokers in agreement ([figure 1](#BMJOPEN2016012693F1){ref-type="fig"}).

###### 

Combined percentage of participants who chose to prevent and treat each health risk when only one could be chosen: London (L) versus Singapore (S) overall, and by smoking status<http://dx.doi.org/10.1136/bmjopen-2016-012693>

                                All   Non-smokers   Smokers                                         
  ----------------------------- ----- ------------- ------------- ---- ---- ------------- ---- ---- -----------
  Heart disease (%)             18    22            0.251         19   25   0.301         17   18   0.957
  Stroke (%)                    12    7             0.046         12   9    0.544         13   3    **0.004**
  Blindness (%)                 13    18            0.111         6    17   **0.013**     18   19   0.831
  Mouth and throat cancer (%)   1     9             **\<0.001**   0    9    **\<0.001**   2    7    0.060
  Lung cancer (%)               50    43            0.103         61   39   **\<0.001**   41   50   0.172

Bold typeface denotes statistical significance. The individual 'prevent only one' and 'treat only one' table is available in the online [supplementary table](#SM1){ref-type="supplementary-material"} E5.

![Percentage of participants (%) who felt graphic health warning labels are sufficient motivation to help them stop/not start smoking. Comparing London and Singapore and non-smokers with smokers in each city. \*p≤0.05, \*\*\*p≤0.001.](bmjopen2016012693f01){#BMJOPEN2016012693F1}

Emotional response to GHWL {#s3e}
--------------------------

Following exposure to GHWL, 52% of all participants said that they experienced 'fear', 69% felt 'disgust' and 29% said they would avoid looking at the labels. Londoners, overall, were more likely to experience 'disgust' than Singaporeans, and this was consistent when comparing both smokers and non-smokers. There were no differences in the experience of 'fear' or 'avoidance' ([table 5](#BMJOPEN2016012693TB5){ref-type="table"}).

###### 

Percentage of participants who had an emotional reaction after viewing the graphic warning labels: London (L) and Singapore (S) overall, and by smoking status

                               All        Non-smokers   Smokers                                                                
  ---------------------------- ---------- ------------- ------------- ---------- ---------- ----------- ----------- ---------- -----------
  Experienced fear             50 (49%)   87 (53%)      0.443         30 (64%)   65 (61%)   0.768       19 (35%)    22 (39%)   0.656
  Experienced disgust          55 (53%)   128 (79%)     **\<0.001**   30 (64%)   84 (79%)   **0.044**   45 (45%)    43 (75%)   **0.001**
  Avoiding looking at labels   29 (28%)   47 (29%)      0.905         13 (28%)   28 (26%)   0.873        16 (29%)   18 (32%)   0.775

Bold typeface denotes statistical significance.

While the feeling of 'disgust' was greater in specific ethnic groups (see online [supplementary table](#SM1){ref-type="supplementary-material"} E3), regression analyses revealed that the significant difference in 'disgust' between London and Singapore was *independent* of the ethnic make-up of both cities, in addition to age, gender, occupation, and the levels of smokers and non-smokers in each country ([table 3](#BMJOPEN2016012693TB3){ref-type="table"}). Overall, more non-smokers experienced 'fear' and 'disgust' than smokers (see online [supplementary table](#SM1){ref-type="supplementary-material"} E6 for more detailed information).

Cognitive processing of GHWL {#s3f}
----------------------------

Smokers *and* non-smokers in London showed a higher degree of label processing compared with their Singaporean counterparts ([table 6](#BMJOPEN2016012693TB6){ref-type="table"}). Overall, non-smokers talked more about GHWL than smokers, but no other significant differences in processing were found between them (refer to online [supplementary table](#SM1){ref-type="supplementary-material"} E7 for more detailed information).

###### 

Mean processing scores of graphic health warning labels (GHWL): comparing London (L) and Singapore (S) overall, and by smoking status

                                                                      All           Non-smokers   Smokers                                                                            
  ------------------------------------------------------------------- ------------- ------------- ------------- ------------- ------------- ------------ ------------- ------------- -----------
  How carefully do you read GHWL messages?                            1.80 (0.22)   2.23 (0.19)   **0.004**     1.64 (0.28)   2.12 (0.25)   **0.024**    1.95 (0.32)   2.42 (0.30)   **0.028**
  How often do you read GHWL messages?                                1.72 (0.21)   2.25 (0.20)   **\<0.001**   1.51 (0.25)   2.24 (0.54)   **0.001**    1.91 (0.33)   2.27 (0.28)   0.095
  How often have you thought about GHWL messages?                     1.64 (0.20)   2.44 (0.21)   **\<0.001**   1.51 (0.26)   2.48 (0.27)   **0.001**    1.76 (0.30)   2.39 (0.34)   **0.006**
  Have you ever talked about GHWL?                                    1.52 (0.22)   2.20 (0.21)   **\<0.001**   1.55 (0.32)   2.32 (0.28)   **0.001**    1.53 (0.32)   1.98 (0.27)   **0.039**
  Have you ever thought about GHWL when they are not in sight (/5)?   1.28 (0.14)   1.77 (0.18)   **\<0.001**   1.15 (0.17)   1.77 (0.24)   **0.001**    1.40 (0.23)   1.76 (0.27)   **0.040**
  Have you ever kept a GHWL (/5)?                                     1.02 (0.04)   1.25 (0.13)   **0.005**     1.00 (0.00)   1.26 (0.17)   ** 0.049**   1.04 (0.07)   1.25 (0.27)   **0.045**

Bold typeface denotes statistical significance.

Discussion {#s4}
==========

This is the first study comparing the effect of GHWL across different cultures, Singapore versus London, and revealing a desensitisation effect to GHWL over time, as defined by diminished cognitive processing. Cultural differences were found in the response to various GHWL. Though the FCTC appreciates the need to refresh labels,[@R30] policies do not exist which recognise the importance of cultural differences to focus any label refresh in order to prevent desensitisation.

During the study, Singaporeans have had exposure to GHWL for twice as long as Londoners and they displayed less 'disgust' and decreased processing of the health messages. These findings were independent of differences in the ethnicity, gender differences, occupation status and the levels of smokers and non-smokers in each county.

Significant differences in label processing were also found between *non-smokers* in London and Singapore, stressing the importance of GHWL for opposing smoking within the entire population, not just smokers. Consequently, this implies that non-smokers are prone to the same desensitisation effects as smokers and these findings raise the question as to how GHWL efficacy is best maintained.

Clinical significance {#s4a}
---------------------

Our findings are consistent with previous descriptions of an exposure--affect relationship with health advertisements[@R31] and a prognosticated 'wear out' effect. White *et al*[@R24] showed that the cognitive processing among adolescents diminishes after 5 years, while other studies have shown the impact of GHWL 'wear out' after around 3 years, with differences existing between cultures.[@R25] [@R34] Exposure to new messages is processed more extensively than to well-known messages.[@R35] [@R36] Increased confidence surrounding messages, which is expected with greater familiarity, is also known to foster heuristic models of cognitive processing[@R37] [@R38] and less systematic processing of labels.[@R39] Similar observations have been described in patients with COPD,[@R26] although COPD is associated with cognitive and psychological biases that favour diminished processing.[@R29] [@R40] This study, however, reaches the same conclusion by comparing two separate cohorts with different exposure to GHWL.

Knowledge of adverse consequences of smoking {#s4b}
--------------------------------------------

Knowledge of smoking-associated risks varies widely. A study comparing 21 European countries found considerable differences in the awareness that heart conditions are associated with smoking.[@R45] This study observed that Singaporeans were less aware of the association with 'mouth and throat cancer', 'heart disease' and 'lung cancer' than Londoners. One-fifth of Singaporeans were unaware of smoking being associated with lung cancer and it is noteworthy that the message that 'smoking causes lung cancer' was removed from Singaporean labels in 2005, with 'smoking causes lung disease' introduced in 2013.[@R46] This observation indicates that public health campaigns can potentially have a significant impact on public awareness.

'Blindness' was the least well-known risk despite having the second most deterring effect in smokers, as previously shown.[@R47] The European Commission only officially approved a new warning 'smoking causes blindness' in 2012. It will be placed on cigarette packaging in the UK in 2016; although Singapore has introduced this warning in 2013, a large proportion of countries around the world have not included 'blindness' as a message on their packaging.[@R46]

Limitations of study {#s4c}
--------------------

This paper is quasi-clinical in nature, and though there was an inability to critically analyse the population in their context and cultural norms, its strength is that it allows us, and policymakers, to speculate regarding why groups are different, why not and how long they should expose specific populations to GHWL before refreshing them---questions that have not yet been asked. We observed a significant difference in label processing at 8 vs 4 years and encourage policymakers to review their guidelines with these questions in mind, at least every 4 years.

Data were collected by means of a cross-sectional structured survey and the results should not be generalised to the general population per se. Participants were recruited from outpatient hospital settings, and hence a selection bias may have further influenced generalisability. A number of warning labels were shown over a short period of time and this might have perpetuated the expected emotional response. In addition, while the emotional response and cognitive processing questions were simple and applicable to everyday life, they lacked evidence of reliability and validity.

The Singaporean participants were older and had a higher proportion of smokers compared with the London cohort. Increased age was associated with decreased depth of processing and 'fear', but not 'disgust' or 'avoidance'. However, our outcomes remained consistent when comparing just the smoking groups between both cities, where Singaporean and London smokers were matched for age. Outcomes were also confirmed when comparing the non-smoker groups. Further, the regression analyses showed independent differences between Singapore and London in 'disgust' and 'label processing', irrespective of other demographic variables (age, gender, ethnicity, occupation and smoking status).

Except for age and smoking status, other cultural differences may not have been accounted for in our analysis; hence, a more in-depth cultural and social analysis may be required in future work. While cultural differences may impact on the emotional response to labels, they would *not* impact on cognitive processing of labels or the primary outcome of desensitisation.

Conclusion {#s5}
==========

Desensitisation appears to occur with an increased length of exposure to GHWL. Previous studies have also implicated a habituation to the initial impact of GHWL over a period of weeks[@R22] and others have implicated a 'wear out' effect over years.[@R23] [@R24] In addition, while studies have also compared the effect of GHWL among different countries,[@R25] to the best of our knowledge, none have directly investigated the sociocultural relevance of the impact of desensitisation.

Current interest resides in a move towards plain cigarette packaging which removes branding and other distractors from the core messages presented.[@R48] Culturally tailored renewal of GHWL to avoid a waning impact could be considered to maintain long-term efficacy. Any such approach should take into account the sociocultural context of the targeted population by assessing pre-existing awareness of smoking risks, as well as the emotional impact of different GHWL. Finally, the length of exposure to warning labels should be considered when timing the launch of future public health interventions. Future research should focus on this desensitisation effect with longitudinal studies.
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